AD-A173 


Fpf 

r  *aEuru  ^ip^pk  2as * 


DETERMINATION  OF  THE  AREAS  OF  MAXIMUM  STRESS 
DURING  THE  DONNING  AND  DOFFING  OF  CLOTHING 


ft.M.  Crow  and  M.M  Dewar 


nTir 

It  *  1  V  u+ 

*  J*' '  -  .--.  T-  *■  A  ,S 

'W'  ,  *>’ 


;  nisr;  trx  'v.or  ?: r»v-- ::  >  r 
’  F.rr"  p  *  '•■'.■■■ 

\  i,>.i>r •’►v’v  *>  ■-••  ■ 


DEFENCE  RESEARCH  EST^Bl  IS’  :MFNT  OVTA'VA 

TECHNICAL  'ICTfc 


CanadS 


•,:r  .  '••  DA 


36  10  2? 


1+ 


National  Defense 
Defence  nationale 


•r  'X  , 

m 

Vi ^ 


t.1 


iV* 


w 


4$ 


.y<;| 

m 


ffl 

1  ■ 


S! 


w 


m 


$ 

:4 


DETERMINATION  OF  THE  AREAS  OF  MAXIMUM  STRESS 
DURING  THE  DONNING  AND  DOFFING  OF  CLOTHING 


R.M.  Crow  and  M.M.  Dewar 
Environmental  Protection  Section 
Protective  Sciences  Division 


DTIO 

ELECTE( 

OCT  2  8 1986  ] 


~DgniIBimON  STATEMENT  ft 
Appncrr»d  toe  public  nl«oM(  s 


Dixtzlbutloa  Unlimited  u 


DEFENCE  RESEARCH  ESTABLISHMENT  OTTAWA 

TECHNICAL  NOTE  85-25 


PCN 

14B10 


December  1985 
Ottawa 


ABSTRACT 


This  paper  examines  the  donning  and  doffing  process  for  the  Canadian 
Forces  combat  shirt,  trousers  and  coveralls  in  order  to  identify  the  areas 
of  maximum  stress  during  donning  and  doffing.  It  was  found  that  the 
greatest  stress  occurs  across  the  back  of  the  shirt  or  coverall  top  on 
donning  when  both  arms  are  partially  into  the  3leeves  and  the  garment  back 
is  stretched  between  the  two  elbows. 


RESUME 


Le  present  document  examine  le  processus  de  revetement  et  d’ enlevement 
de  la  chemise,  du  pantalon  et  des  combinaisons  de  combat  des  Forces 
canadiennes  afin  de  rep^rer  les  endroits  oil  ces  v§tements  offrent  le  plus 
de  resistance  lorsqu’il  s'agit  de  les  endosser  ou  de  les  enlever.  Les 
r^sultats  de  cet  examen  ont  r^v^ie  que  la  plus  grande  resistance  se  produit 
en  travers  du  dos  lorsqu'on  endosse  la  chemise  ou  le  haut  de  la  combinaison 
et  ce,  notamment  lorsque  les  bras  sont  partiellement  allonges  dans  les 
manches  et  que  la  partie  arri^re  du  v§tement  est  tendue  entre  les  deux 
coudes . 
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INTRODUCTION 


We  had  undertaken  a  study  to  determine  where  maximum  stress  occurred 
in  typical  Canadian  Forces  (CF)  combat  clothing.  In  the  first  phase  of 
this  study,  we  had  identified  the  areas  of  maximum  stress  in  a  shirt, 
trousers  and  coveralls  during  wear  and  the  stances  which  cause  these 
stresses  (Crow  and  Dewar,  1984).  We  found  that  crossing  the  arms  in  front 
with  the  hands  on  opposite  shoulders  creates  the  greatest  stress  in  the 
shirt  or  coverall  top  and  squatting  creates  the  greatest  stress  in  the 
trousers  and  coverall  bottoms,  this  occurring  along  the  upper,  inner  leg 
and  the  crotch  area.  Since  seams  can  fail  during  donning  and  doffing,  we 
continued  our  study  by  examining  the  donning  and  doffing  procedures  for  the 
CF  combat  shirt,  combat  trousers  and  aircrew  coveralls  to  identify  the 
probable  areas  of  maximum  stress  during  these  procedures.  This  paper 
reports  the  results  of  this  study. 


METHOD 


In  the  earlier  study  (Crow  and  Dewar,  1984),  a  subject  had  worn 
specially-made  slit-rubber  sheeting  clothing,  the  slits  of  which  gaped 
under  stress  to  show  clearly  stress  patterns  for  various  stances,  as 
illustrated  in  Figure  1.  Considerable  care  had  to  be  taken  in  donning  and 
doffing  the  rubber  clothing  since  it  was  quite  easy  to  get  the  hands  or 
feet  caught  up  in  the  readily-extensible  slit  'fabric*.  Further,  it  was 
found  that  the  rubber  sheeting  deteriorated  over  a  relatively  short  time 
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Figure  1:  Stress  patterns  in  the  slit-rubber  sheeting  coveralls. 

Half  of  the  garment  has  the  slits  running  vertically 
and  half  running  horizontally  to  detect  the  vertical 
and  horizontal  stresses. 
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and  ripped  quite  easily.  Therefore,  actual  CF  clothing  (shirt,  trousers 
and  coveralls)  was  used  in  this  study  and  careful  observations  were  made 
for  the  areas  of  stress. 

Initially  we  videotaped  from  the  front,  back  and  side  five  male 
subjects  donning  and  doffing  the  clothing.  The  videotape  was  examined  in 
slow  motion  and  the  step-by-step  motions  of  donning  and  doffing  the 
clothing  observed  for  each  subject.  These  observations  were  compiled  and 
appropriate  stills  reproduced  for  the  purpose  of  this  report. 

The  subjects  were  members  of  the  Canadian  Forces  and  used  their  own 
issued  clothing.  Three  of  the  subjects  were  right-handed,  one  left-handed 
and  one  ambidextrous.  The  subjects  ranged  in  height  and  weight  from  1.69  m 
and  59.2  kg  to  1.78  m  and  81.5  kg. 


THE  DONNING  AND  DOFFING  OF  THE  TROUSERS 


Donning 


The  sequence  for  donning  the  trousers  is  shown  in  Figures  2  to  8. 


Doffing 


The  sequence  for  doffing  the  trousers  is  shown  in  Figures  9  to  13. 


the  foot  to  go  through  the  leg  into  the  trouser  leg. 

trouser  leg. 
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THE  DONNING  AND  DOFFING  OF  THE  SHIRT 


Donning 


When  we  viewed  the  video  pictures,  we  found  that  there  were,  in 
general,  two  common  ways  of  donning  a  shirt,  the  two-armed  donning  and  the 
one-armed  donning.  The  two-armed  donning  is  shown  in  Figures  14  to  19  and 
the  one-armed  donning  in  Figures  20  to  25.  A  variation  of  the  one-armed 
method  is  shown  in  Figures  26  to  29.  Often  the  military  have  to  don 
clothing  in  a  confined  space  such  as  a  tank  or  a  crowded  tent.  In  these 
conditions,  the  shirt  may  be  donned  in  a  vertical  rather  than  a  horizontal 
fashion,  as  shown  in  Figures  30  to  32. 


Doffing 


The  sequence  for  doffing  the  shirt  is  shown  in  Figures  33  to  35. 


Figure  18:  The  next  movement,  common  to  Figure  19:  The  final  movement  is  to  close 

all  ways  of  putting  on  the  the  shirt  front.  The  shirt  is 

shirt  and  to  all  subjects,  is  donned, 

to  adjust  the  collar  and  so, 
the  shirt  back. 


For  the  one-armed  donning,  the  Figure  21:  He  then  puts  an  arm  into  the 

subject  holds  the  shirt  in  sleeve, 

front  of  him. 


Figure  25:  He  fastens  the  shirt  front  and 
the  shirt  is  donned. 


THE  DONNING  AND  DOFFING  OF  THE  COVERALLS 


Donning 


The  method  for  donning  the  coveralls  was  similar  for  all  subjects  and 
is  shown  in  Figures  36-40 . 


Doffing 


The  sequence  of  doffing  the  clothing  is  shown  in  Figures  41  to  46. 
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gure  M2:  He  then  shrugs  the  coveralls  Figure  M3:  With  the  hands  behind  the 

completely  off  the  shoulders.  back,  he  pulls  the  sleeve 

cuff  over  the  hand,  freeing 
one  arm  from  its  sleeve. 
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OBSERVED  AREAS  OF  MAXIMUM  STRESS 


The  greatest  observed  area  of  stress  in  donning  and  doffing  the 
clothing  was  across  the  back  of  the  shirt  or  coveralls  when  both  arms  were 
partially  into  the  sleeves  and  the  shirt  or  coverall  top  was  not  yet  on  the 
shoulders,  as  shown  in  Figure  27  or  38.  A  back  view  of  Figure  28  is  shown 
in  Figure  47.  Here  the  elbows  act  as  tie  points  and  the  shirt  or  coverall 
top  is  stretched  between  them. 

No  great  stress  was  readily  evident  in  the  donning  and  doffing  of  the 
trousers.  The  only  conceivable  way  that  high  stress  might  occur  in  the 
loose-fitting  combat  trousers  would  be  for  a  foot  to  get  caught  in  the 
trouser  leg  during  donning.  This  would  cause  stress  along  the  longitudinal 
trouser  seams.  Similar  stress  could  be  caused  if  the  subject  donned  or 
doffed  the  trousers  wearing  footwear.  The  designers  of  CF  combat  clothing 
are  aware  of  this  possibility  and  design  CF  combat  trouser  leg  widths 
accordingly.  In  general,  the  width  of  the  CF  combat  trouser  leg  is  narrow 
enough  to  discourage  attempts  to  force  a  combat  boot  down  through  it. 


GENERAL  COMMENTS 


In  subsequent  work  (Crow  and  Dewar,  1985),  it  was  found  that  there  was 
more  stress  exerted  on  the  clothing  in  wear  than  in  normal  donning,  the 
closet'  fitting  the  clothing  on  the  subject,  the  greater  the  stress  in  the 
clothing.  The  handedness  of  a  subject  was  not  necessarily  reflected  in  his 
method  of  donning  or  doffing  clothing  and  had  no  effect  on  the  generated 
stresses . 


CONCLUSION 


The  maximum  stress  encountered  in  normal  donning  and  doffing  of 
clothing  occurs  across  the  back  of  the  shirt  or  coverall  top  in  donning 
when  both  arms  are  partially  into  the  sleeves  and  the  garment  i3  stretched 
between  the  tie  points  of  the  two  elbows. 
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